Temperature dependent behavior of poly(N-isopropylacrylamide) (PNIPAM) copolymers was investigated in three buer-stabilized environments. The tests were performed in thermostabilized goniometer by dynamic and static light scattering. From the dynamic light scattering hydrodynamic radius was obtained. Based on the static light scattering data, calculations of the particle radius from the form factor model were done. Depending of the kind of copolymer, the dierent material response to temperature was observed. Also the characterization of dry particles was done by scanning electron microscope. These scanning electron microscopy micrograms showed the possibility of particles to aggregation.
Introduction
Multi-stimuli responsive polymer nanoparticles are now widely studied as a promising material in medical applications. The unique properties of poly(N -isopropylacrylamide) (PNIPAM)-based polymers and copolymers indicate them as an innovative drug carrier for drug delivery systems [1] , diagnostic substance carriers, and also as biosensors (i.e. nanothermometer) [2] .
PNIPAM-based polymers exhibit changes in conformation as a response to external stimuli such as changes of pH, temperature, ionic strength, salt concentration, electric and magnetic eld, light or ultrasounds (Meid et al. [3] ).
Materials which react specically to such changes in their environment are also called smart materials.
The water solution of poly(N -isopropylacrylamide)--based polymers and copolymers are also categorized as a hydrogel. Hydrogel can be dened as a highly swollen three-dimensional hydrophilic polymer network. The properties of such systems dier from the properties of both raw materials: solid and liquid [3] . Hydrophilic polymer chains crosslinked in constrained volumes form special kind of particles called microgels. Typically, microgels in swollen state have a spherical shape with diameter from 50 nm up to 10 µm. Pich and Richtering [4] propose to classify aqueous solution of microgels as porous particles. Often, multi-stimuli responsive polymer whose average diameters are less than a µm are also called nanogels [5] .
PNIPAM is a thermo-and pH-responsive polymer with a volume phase transition temperature, called lower crit- * corresponding author; e-mail: Tomasz.Sliwa@amu.edu.pl In the early studies of the PNIPAM polymers the thermally-induced sorption and desorption of human gamma globulin with PNIPAM particles was reported [6] .
Furthermore, Yasui et al. showed application of PNIPAM to control the trypsin enzyme activity by temperature [7] .
Studies performed by Matsumaru et al. revealed negative results on PNIPAM cytotoxicity [8] . The test on mice proved no acute toxicity. Also tests in two dierent mammalian cell lines showed no signicant genotoxic response, which conrms biocompatibility of PNIPAM polymers [9] . In summary, the PNIPAM based copolymers are attractive as an innovative solution for targeted therapy (i.e. drug carrier) and also as model systems in colloid science. Our interest focuses on nding physical models describing the susceptibility of PNIPAM-based polymers to changes of pH and temperature. To real-
ize this study, their hydrodynamic radius was measured in dierent environmental conditions using photon correlation spectroscopy (PCS). Additionally, static light scattering (SLS) was applied to measure form factors of PNIPAM microgel particles and pictures of dried particles were obtained using scanning electron microscopy (SEM). Laser wavelength was λ = 633 nm. The scattered intensity was collected at the angle of 90 
where β is the coherence factor. In the simple case of noninteracting monodisperse particles g (1) (t) is a monoexponential function (3.2):
where Γ is related to the collective diusion coecient (D) by Eq. (3):
with q being the magnitude of the scattering vector
and n 0 solvent refractive index, θ scattering angle.
The hydrodynamic radius (R h ) could be determined from the StokesEinstein Eq. (3.5):
where k B is the Boltzmann constant and η the solvent viscosity (temperature dependent).
Since the samples turned out to be nicely monodisperse The SLS data tted with the core-double shell model gave the additional information about the behavior of PNIPAM copolymers caused by the pH and temperature (see Table) . Shrinkage of PNIPAM-ALA pH = 6 and 9.5 and PNIPAM-MAA pH = 4. The SLS tests conrmed that over LCST shell or shells disappeared and the core decreased for PNIPAM-
The results for PNIPAM-Vim (pH 4 and pH 9) showed the increase of shell layers that aected the increase of hydrodynamic radius, however the core size decreased.
To conrm the assumption of parameter as a sphere scanning electron microscopy investigations were done. 
Conclusions
The most common change in structure of PNIPAM copolymers molecules is shrinkage induced by temperature. The performed tests showed quantitatively dierent reaction on temperature change depending on the pH. PNIPAM-Vim selectively reacts on pH. In pH = 6 the particle radius increased over 3 times. For PNIPAM--MAA the pH where the changes in radius were the highest was pH = 4.5.
SEM pictures showed that two PNIPAM copolymers:
PNIPAM-ALA and PNIPAM-Vim tend to aggregate.
However, the samples used in these experiments were not stabilized by buer and dried in temperature over 50 • C.
Further test performed on SEM with pH-controlled environment before drying should be performed. The results obtained in this part of research would be important for application of PNIPAM based copolymers in some systems induced by temperature in pH.
